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The cerebral cortex is capable of performing multifaceted high-level cognitive tasks, a capability that is believed to reside in the intricate cortical network that contains a diversity of cellular constituents, including a number of distinct inhibitory interneurons [1] [2] [3] [4] [5] [6] . However, exactly how the cortical interneuronal circuits are structured to carry out cortical functions remains elusive, largely because of the difficulty of deciphering complex neuronal circuits, a process requiring analysis of multi-or trans-synaptic connections and identification of cell types of many different interconnected interneurons and pyramidal neurons [7] [8] [9] . To facilitate the dissection of cortical interneuronal circuits, we developed a stable multiple (up to octuple) whole-cell recording technology that allows the recovery of the detailed morphology of >85% of recorded interneurons and >99% of recorded pyramidal neurons. Using this technology, we were able to decode complex transynaptic interneuronal circuits in acute rat sensorimotor cortex slices.
L1 is likely involved in selection of attentional and salient signals, as it receives inputs primarily from higher order thalamic relays and higher order cortical areas [10] [11] [12] [13] . It has been shown that neurons in these thalamic relays and cortical areas preferentially increase their activity during attention-demanding processes (for example, attentional, expectational, perceptual and working memory tasks), and physiological or pharmacological manipulation of the activity of the neurons interferes with attentional tasks [14] [15] [16] [17] . Strategically located in L1 are sparsely distributed GABAergic interneurons that belong to two general groups: one group has a heterogeneous morphological appearance and an axon projecting to deeper layers, whereas the others are multipolar, aspiny neurons resembling neurogliaform cells (NGCs) with an axon ramifying densely in L1 (refs. 18-21) . In vivo recordings have shown that L1 inputs generate direct, rapid excitatory postsynaptic potentials (EPSPs) in L1 interneurons, as well as in apical dendrites of pyramidal neurons in deep layers 19, 22 , and that the excitation is selectively and markedly enhanced during attentional tasks 23, 24 . In L5 pyramidal neurons, near-synchronous L1 modulatory and L4 sensory inputs can serve as a coincidence detection mechanism by inducing dendritic complex spikes and bursts of somatic/axonal action potentials 22, 25 , which secure the further processing of the signals 26, 27 . L1 interneurons can convert L1 inputs into inhibition to mold dendritic integration in pyramidal neurons [18] [19] [20] 28, 29 . However, whether L1 neurons may participate in more complex interneuronal circuits and what these circuits do remains unclear.
We identified two previously unknown and distinct cortical interneuronal circuits that link input-receiving L1 interneurons via L2/3 interneurons to output-producing L5 pyramidal neurons in the rat sensorimotor cortex. One circuit involved a specific type of L1 neuron, the SBCs, which typically formed unidirectional inhibitory connections with all seven types of L2/3 interneurons, and these L2/3 interneurons inhibited the entire dendritic-somato-axonal initial segment axis of a very small number of L5 pyramidal neurons located in the same column. Thus, SBC→L2/3 interneuron→L5 pyramidal neuronal circuits effectively enhanced dendritic complex spiking in L5 pyramidal neurons using a disynaptic disinhibitory mechanism. In contrast, the other circuit involved a different type of L1 neuron, the ENGCs, which frequently formed reciprocal inhibitory and electric connections with three selective types of L2/3 interneurons, and these L1 and L2/3 interneurons inhibited the distal apical dendrite of the majority of L5 pyramidal neurons in the same and neighboring columns. Thus, ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits powerfully suppressed dendritic complex spiking in L5 pyramidal neurons using a mutual inhibition-and electric coupling-mediated synchronizing mechanism. Beyond converting L1 inputs into inhibition, these two distinct interneuronal circuits were a r t I C l e S able to transform L1 inputs into complementary filters by differentially regulating the output of L5 pyramidal neurons such that together they acted synergistically to filter out 'noise' in the incoming information and allow effective detection of salient signals.
RESULTS
We first studied L1-3 interneurons and interneuronal circuits using acute rat sensorimotor cortex slices. Inhibitory synaptic connections were identified by evoking unitary inhibitory postsynaptic currents (uIPSCs) or potentials (uIPSPs) with brief depolarizing current pulses (5 ms) applied in presynaptic neurons at 0.01-0.05 Hz in the presence of AMPA and NMDA receptor antagonists (20 µM DNQX and 100 µM dl-AP5). A total of 2,260 inhibitory connections were identified after testing 14,832 connections between 1,703 L1 neurons, 3,130 L2/3 interneurons and/or 3,394 L5 pyramidal neurons in the cortical slices.
L1-3 interneurons form distinct circuits
Interneurons with very different patterns of axonal arborization were recorded in L1 (Fig. 1a,b and Supplementary Movie 1). Anatomical analysis revealed that many L1 neurons (n = 466) had heterogeneous dendritic morphology and a characteristic vertically descending horsetail-like axonal bundle with short side branches similar to doublebouquet cells (DBCs; Fig. 1a,b and Supplementary Fig. 1a ). However, these neurons had few ascending axonal branches, more closely resembling bipolar cells (BPCs) than DBCs. The other neurons (n = 196 neurons) resembled NGCs, but their axonal arborization was horizontally elongated compared with classic NGCs in other cortical layers (Fig. 1a,b and Supplementary Fig. 1b) . Although the majority of deeper layer-projecting L1 neurons (n = 439 of 466 neurons) fired adapting non-late-spiking action potentials, the majority of NGC-like L1 neurons (n = 175 of 196 neurons) fired nonadapting late-spiking action potentials (Fig. 1a,c) . These results are consistent with a recent suggestion that firing patterns can often (but not always) predict L1 interneuron cell types 21 (also see refs. 18, 19) . Thus, to avoid ambiguity, we classified L1 interneurons into two general groups using their distinct axonal arborization patterns. Following recently proposed nomenclature 4 , we named these two groups of neurons as SBCs and ENGCs, respectively.
We next investigated how SBCs and ENGCs connect with other neurons by examining their postsynaptic targets. Physiological recordings revealed that both SBCs and ENGCs inhibited interneurons in L2/3. Independent of postsynaptic cell type, SBC-induced uIPSCs had shorter latencies, rise times and decay time constants than ENGCinduced uIPSCs ( Fig. 2 and Supplementary Fig. 2 ). Consistent with these results, SBC-induced uIPSPs were insensitive to the bath application of CGP35348, a GABA B receptor blocker, but were completely blocked by the bath application of PTX, a GABA A receptor blocker (Supplementary Fig. 2 ). On the other hand, ENGC-induced uIPSPs were partially blocked by the bath application of CGP35348 and were completely blocked by additional PTX in the bath solution ( Supplementary Fig. 2 ). These results indicate that SBC-induced uIPSPs are mediated primarily by GABA A receptors, whereas ENGCinduced uIPSPs are mediated by both GABA A and GABA B receptors.
Further analysis revealed that SBCs inhibited ~13% of L2/3 interneurons recorded in the same columns, but none of the L2/3 interneurons recorded in neighboring columns ( Fig. 3 a r t I C l e S (~1%) and electric (0%) connections with L2/3 interneurons, whereas ENGCs frequently formed mutual inhibitory (~60%) and electric (~65% of whose with intersomatic distance <150 µm) connections with their postsynaptic L2/3 interneurons ( Supplementary Fig. 3 and Supplementary Table 1 ). These results suggest that SBCs preferentially form unidirectional inhibitory connections with L2/3 interneurons, whereas ENGCs frequently form bidirectional inhibitory and/or electric connections with L2/3 interneurons.
Morphological reconstruction revealed that L2/3 interneurons had visibly distinct axonal arborization patterns (Fig. 5) . To determine whether SBCs and ENGCs target different populations of L2/3 interneurons, we classified L2/3 interneurons into seven general types, including Martinotti cells (MaCs), NGCs, bitufted cells (BTCs), BPCs, basket cells (BaCs), DBCs and chandelier cells (ChCs) (Fig. 5a and Supplementary Movie 2), using the axonal arborization-based interneuronal classification scheme 2, 4 . Confirming the direct visual assessment, axonal length density analysis revealed that these seven types of L2/3 interneurons differed substantially in their axonal arborization patterns ( Fig. 5b and Supplementary Fig. 1c-i) . The classification and analysis suggested that SBCs inhibited all seven types of L2/3 interneurons, whereas ENGCs inhibited selectively MaCs, NGCs and BTCs (Supplementary Table 1) . Notably, MaCs, NGCs and BTCs innervated by SBCs and a r t I C l e S ENGCs had similar axonal arborizations, but differed in somatodendritic properties (Supplementary Fig. 4 ). In particular, MaCs, NGCs and BTCs postsynaptic to SBCs were located throughout the entire L2/3 with <10% of their dendritic arborization found in L1. In contrast, MaCs, NGCs and BTCs postsynaptic to ENGCs were located in the upper half of L2/3 with ~50% of their dendritic arborization positioned in L1 (Supplementary Fig. 4) . Collectively, these anatomical, physiological and pharmacological results indicate that SBCs and ENGCs form two anatomically and functionally distinct interneuronal circuits: SBC→ and ENGC↔L2/3 interneuronal circuits.
Interneuronal circuits differentially target L5 neurons
We then examined excitatory postsynaptic neurons targeted by SBC→ and ENGC↔L2/3 interneuronal circuits, focusing primarily on L5 pyramidal neurons, the major cortical output neurons (Figs. 3 and 4 and Supplementary Fig. 5 ). Simultaneous whole-cell recordings from multiple L1-3 interneurons and L5 pyramidal neurons revealed that SBCs did not directly inhibit L5 pyramidal neurons ( Fig. 3 and  Supplementary Fig. 5 ). Instead, L2/3 interneurons postsynaptic to SBCs inhibited ~9% of L5 pyramidal neurons located in the same columns, but these L2/3 interneurons did not inhibit L5 pyramidal neurons in neighboring columns (Fig. 3c,d and Supplementary  Fig. 5 ). In contrast, ENGCs directly inhibited ~20% of L5 pyramidal neurons recorded in the same columns and they also directly inhibited ~5% of L5 pyramidal neurons recorded in neighboring columns (Fig. 4) . In addition, L2/3 interneurons postsynaptic to ENGCs inhibited (Fig. 4c,d and Supplementary Fig. 5 ). Together, these results suggest that SBCs form disynaptic disinhibitory connections with L5 pyramidal neurons via L2/3 interneurons in single columns, whereas interconnected ENGCs and L2/3 interneurons form direct inhibitory connections with L5 pyramidal neurons in the same and/or neighboring columns.
To determine whether distinct L2/3 interneurons may be differentially involved in SBC→ and ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits, we further analyzed the inhibitory synaptic connections formed between distinct L2/3 interneurons and L5 pyramidal neurons. Notably, light microscopic examination revealed that each of seven types of L2/3 interneurons contacted a specific, largely nonoverlapping subcellular compartment of L5 pyramidal neurons with multiple synaptic boutons and, together, they subdivided the entire membrane surface of the dendritic-somato-axonal initial segment region ( Fig. 6 and Supplementary Table 2) . Specifically, the synaptic boutons of MaCs were on terminal tuft dendrites, those of NGCs were on secondary and tertiary tuft dendrites, those of BTCs were on distal dendritic trunks and primary tuft dendrites, those of BPCs were on middle dendritic trunks and oblique dendrites, those of BaCs were on somata and proximal dendrites, those of DBCs were on middle and distal basal dendrites, and those of ChCs were on axonal initial segments of L5 pyramidal neurons. At times, we recorded two (n = 16) or three (n = 4) distinct L2/3 interneurons innervating the same postsynaptic L5 pyramidal neurons, and morphological reconstruction showed that the synapses from distinct L2/3 interneurons did not intermingle in their target areas of L5 pyramidal neurons (Fig. 6a,b) . Subsequent electron microscopic serial section examination confirmed that the majority of light microscopically identified synaptic boutons were actual synapses (~80%, n = 69 of 89 boutons from 15 interneurons) with symmetric membrane densities (Supplementary Fig. 6 and Supplementary 30, 31 . Collectively, these results suggest that L1-3 interneurons form distinct interneuronal circuits; that is, SBC→ and ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits differentially control distinct subcellular compartments of L5 pyramidal neurons.
Interneuronal circuits regulate dendritic complex spiking To determine the possible functional roles of SBC→ and ENGC↔ L2/3 interneuron→L5 pyramidal neuronal circuits, which seem to target multiple distinct dendritic-somato-axonal compartments in L5 pyramidal neurons 27,32-34 , we examined their effects on dendritic and somatic spiking (Fig. 7) . As with previous reports 22, 25 , simultaneously injecting currents in the shape of an EPSP at the dendrite and soma of L5 pyramidal neurons evoked a dendritic complex spike and a burst of two to three somatic action potentials in the neurons (Fig. 7b,e) . The dendritic complex spikes consisted of a sequence of events, including an initial soma/axon-initiated back-propagating action potential, followed by a dendrite-initiated slow action potential and an additional one or more soma/axon-initiated action potential(s) (Fig. 7b) , indicative of an interaction between somatic/axonal and dendritic action potential zones 25 . Depolarizing L2/3 interneurons in either SBC→ or ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits with continuous current injection elicited tonic firing of single action potentials in interneurons, which induced uIPSPs in the dendrite and soma of L5 pyramidal neurons, and suppressed complex dendritic spiking and somatic bursting in L5 pyramidal neurons (Fig. 7c,e) , consistent with previous findings 25 . Notably, action potentials in SBCs evoked by short depolarizing pulses effectively abolished the depolarization-elicited firing in all L2/3 interneurons, blocked L2/3 interneuron-mediated uIPSPs, and reversed the suppression of a r t I C l e S complex dendritic spiking and somatic bursting in L5 pyramidal neurons (n = 9 neurons; Fig. 7d,e) . There was a slight increase in incidence of dendritic complex spikes after current injection in both SBCs and their postsynaptic L2/3 interneurons (Fig. 7e) , suggesting that additional L2/3 interneurons of the same disynaptic circuits are located in the same compact columnar areas (Fig. 3) . In sharp contrast, short pulse-evoked action potentials in ENGCs consistently synchronized the depolarization-elicited tonic firing in all L2/3 interneurons, potentiated L2/3 interneuron-mediated uIPSPs, and enhanced the suppression of complex dendritic spiking and somatic bursting in L5 pyramidal neurons (n = 10 neurons; Fig. 7d,e) . These results suggest that activation of SBC→L2/3 interneuronal circuits disinhibits and activation of ENGC↔L2/3 interneuronal circuits inhibits the initiation of complex dendritic spikes in L5 pyramidal neurons. 
r t I C l e S
To confirm the functions of SBC→ and ENGC↔L2/3 interneuron→ L5 pyramidal neuronal circuits in intact brains, we made simultaneous dual recordings from SBCs or ENGCs and L5 pyramidal neurons in vivo (Fig. 8) . Simultaneous somatic recordings from SBCs and dendritic recordings from L5 pyramidal neurons showed numerous spontaneous or whisker-evoked events, which occasionally reached threshold and triggered somatic action potentials in SBCs and dendritic complex spikes in L5 pyramidal neurons. Correlation analysis revealed that, in some paired recordings (n = 3 of 18 pairs), initiation of action potentials in SBCs enhanced dendritic complex spiking in L5 pyramidal neurons for ~200 ms (Fig. 8a,e) . To confirm the causal effect, we elicited action potentials in SBCs by directly injecting short depolarizing pulses. The evoked action potentials in SBCs enhanced dendritic complex spiking in L5 pyramidal neurons in the same three paired recordings (Fig. 8c,e) . Consistent with our in vitro results, the evoked action potentials in SBCs did not induce uIPSPs in L5 pyramidal neurons (n = 0 of 18 pairs; Fig. 8c,d) . Similarly, paired recordings showed that spontaneous and whisker-evoked events sometimes reached threshold and triggered somatic action potentials in ENGCs and dendritic complex spikes in L5 pyramidal neurons. However, in the majority of paired recordings (n = 7 of 8 pairs), spontaneous and whisker-evoked action potentials in ENGCs suppressed dendritic complex spiking in L5 pyramidal neurons for ~400 ms (Fig. 8b,e) . In the same seven paired recordings, the short pulse-evoked action potentials in ENGCs induced uIPSPs and blocked dendritic complex spiking in L5 pyramidal neurons (Fig. 8c,e) , suggesting a direct causal effect. Notably, recordings from many ENGCs, but none of the SBCs, displayed spikelet-like events, some of which seemed involved in the initiation of action potentials in ENGCs (Supplementary Fig. 7) , suggesting a contribution of electric synapses in synchronizing firing in ENGC↔L2/3 interneuronal circuits. Collectively, these in vitro and in vivo results suggest that SBC→L2/3 interneuron→L5 pyramidal neuronal circuits serve to disinhibit and, in a complementary fashion, ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits function to inhibit dendritic complex spiking in L5 pyramidal neurons.
DISCUSSION
Here, we deciphered the architecture of two interneuronal circuits that link L1-3 interneurons and L5 pyramidal neurons in the neocortex (Supplementary Fig. 8 ). L1 SBCs preferentially formed unidirectional inhibitory connections with all seven types of L2/3 interneurons and trans-synaptically controlled inhibition along the entire dendriticsomato-axonal axis of a few L5 pyramidal neurons in single columns. In contrast, L1 ENGCs frequently formed mutual inhibitory and electric connections with only three selective types of L2/3 interneurons, and, together, they regulated inhibition at the distal apical dendrite of many pyramidal neurons across multiple columns. Functionally, SBC→L2/3 interneuron→L5 pyramidal neuronal circuits disinhibited and ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits inhibited the initiation of dendritic complex spikes in L5 pyramidal neurons. Given that dendritic complex spiking can serve as a coincidence detection mechanism 22, 25 , these two interneuronal circuits may be important for selecting and processing salient information.
Organization of cortical interneuronal circuits
We identified two cortical interneuronal circuits, SBC→ and ENGC↔ L2/3 interneurons→L5 pyramidal neuronal circuits, which exhibit distinct architecture (Supplementary Fig. 8 ). Previous in vitro and in vivo recordings have shown that L1 SBCs fire adapting nonlate-spiking action potentials, whereas L1 ENGCs fire non-adapting e SBC ENGC a r t I C l e S late-spiking action potentials 18, 19 . However, a recent study reported a few exceptions 21 . We analyzed a large number of L1 interneurons and found that there were actually many exceptions. Thus, instead of relying on firing patterns, we classified L1 interneurons on the basis of their visually distinguishable axonal arborization patterns, which were quantitatively confirmed with axonal length density analysis (Fig. 1b) , as well as with Sholl and polar analyses (data not shown). Notably, SBCs preferentially formed unidirectional inhibitory circuits with L2/3 interneurons and they produced GABA A receptor-mediated fast inhibition, whereas ENGCs frequently formed mutual inhibitory and electric circuits with L2/3 interneurons and generated GABA A and GABA B receptor-mediated slow inhibition. SBC→ and ENGC↔L2/3 interneuronal circuits also differed in how they connected with L5 pyramidal neurons (Supplementary Fig. 8 ). L5 pyramidal neurons have two general input-receiving domains, an apical dendritic domain and an oblique/basal dendritic-somato-axonal domain 22, 33, 35 , which receive primarily modulatory and sensory inputs, respectively 13 . Our analysis revealed that seven types of L2/3 interneurons (that is, MaCs, NGCs, BTCs, BPCs, BaCs, DBCs and ChCs) synapsed on different subcellular compartments of L5 pyramidal neurons and, together, their synapses subdivided the entire membrane surface of the dendritic-somato-axonal initial segment region. SBCs controlled both the apical and oblique/basal dendritic domains of L5 pyramidal neurons via inhibition of all seven types of L2/3 interneurons (Figs. 3 and 7) , whereas ENGCs regulated only the apical dendritic domain of L5 pyramidal neurons via direct inhibition (Figs. 4  and 7) or via output synchronization with MaCs, NGCs and BTCs (Fig. 7) . In particular, SBCs never inhibited L5 pyramidal neurons. Instead, SBCs inhibited 13.0% of L2/3 interneurons, and these L2/3 interneurons inhibited 8.7% of L5 pyramidal neurons in the same columns ( Fig. 3 and Supplementary Fig. 5 ). Thus, we estimate that SBC→L2/3 interneuron→L5 pyramidal neuronal circuits may provide disinhibition on dendritic complex spiking in a small percentage (P = 13.0% × 8.7% ≈ 1%) of disynaptically connected L5 pyramidal neurons. In contrast, ENGCs inhibited 20.4%, and MaC, NGC and BTC L2/3 interneurons postsynaptic to ENGCs inhibited 7.1, 33.3 and 15.8% of L5 pyramidal neurons in the same columns ( Supplementary  Fig. 5 ). These L1-3 interneurons may fire alone and independently inhibit L5 pyramidal neurons. Alternatively, when activated together, they may fire in synchrony and more effectively inhibit L5 pyramidal neurons (Fig. 7) . The synchronization of outputs in these interneurons seems dependent on their frequent mutual inhibitory and electrical synapses, as these synapses were able to cooperate (complementarily and synergistically) in synchronizing firing in interneuronal networks, whereas electric gap junctional potentials (or spikelets) promote coinitiation of action potentials when inhibition fades (acting as an excitatory force), and inhibitory synaptic potentials rapidly curtail spikelets and suppress initiation of action potentials during their presence (acting as an inhibitory force) 3, 36, 37 . Thus, we calculate that ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits may inhibit the majority (P = 100% − (100 − 20.4%) × (100 − 7.1%) × (100 − 33.3%) × (100 − 15.8%) ≈ 60%) of monosynaptically connected L5 pyramidal neurons located in the same columns alone. Together, these results suggest that SBC→L2/3 interneuron→L5 pyramidal neuronal circuits are structured to disinhibit a small population of L5 pyramidal neurons, whereas ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits are organized to inhibit a large population of L5 pyramidal neurons.
Functional implications of cortical interneuronal circuits
Our results indicate that SBC→ and ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits function beyond transforming L1 inputs into inhibition. Instead of suppressing spiking, SBCs enhanced dendritic complex spiking in L5 pyramidal neurons by inhibiting L2/3 interneurons that are spontaneously active in intact brains 24, 28, 38, 39 . Thus, SBC→L2/3 interneuron→L5 pyramidal neuronal circuits use a di-synaptic disinhibitory mechanism to permit the initiation of dendritic complex spikes in a few L5 pyramidal neurons in a small area, which nonlinearly amplifies the selected signals. Conversely, ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits employ a mutual inhibition-and electric coupling-mediated synchronizing mechanism to synchronize the firing of interneurons. These interneurons can then supply powerful inhibition to suppress dendritic complex spiking in many L5 pyramidal neurons over a broader area, which effectively increases the signal-to-noise ratio by reducing background noise and sharpens the receptive field by suppressing surrounding activity. Moreover, SBCs have a smaller receptive field with higher acuity than ENGCs 19 , which may produce a much smaller suprathreshold field [40] [41] [42] . Finally, SBCs receive the earliest L1 inputs and they are rapidly inactivated after their initial activation 19 , presumably as a result of inhibition from ENGCs 18, 20 and from MaCs, NGCs and BTCs targeted by ENGCs (Supplementary Table 1) . Together, these results suggest that SBC→ and ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits may work together to select and nonlinearly amplify a very few spatially and temporally defined signals.
We found a few other architectural features of SBC→ and ENGC↔ L2/3 interneuron→L5 pyramidal neuronal circuits that may also be important to function. For example, SBCs innervated fewer (<10%) MaCs, NGCs, BaCs and DBCs, but more BTCs (14.6%) and ChCs (17.3%), and many more BPCs (27.9%) (Supplementary Table 1) . Whereas BTCs and ChCs targeted the dendritic and axonal action potential initiation zones, respectively, BPCs targeted the middle dendritic trunk critical for interaction of the dendritic and axonal action potential initiation zones in L5 pyramidal neurons 22, 43 . Thus, we speculate that SBC→L2/3 interneuronal circuits may be particularly effective at controlling the initiation of dendritic complex spikes, which requires the interaction of dendritic and axonal action potentials 25, 43 . In addition, although MaCs, NGCs and BTCs involved in different circuits had the same axonal anatomy, they differed in dendritic branching patterns. In particular, MaCs, NGCs and BTCs targeted by ENGCs had their dendrites ramifying extensively into L1 ( Supplementary Fig. 4) , and they may receive direct L1 inputs 11 , enabling them to directly convert L1 inputs into inhibition in L5 pyramidal neurons. These results also suggest that MaCs, NGCs and BTCs may be further divided into functional subgroups, which is consistent with other evidence supporting the possibility of functionally subdividing L2/3 interneurons (that is, BaCs and NGCs) [44] [45] [46] . One obvious question that remains to be addressed is how distinct groups and/or subgroups of L2/3 interneurons may differentially contribute to cortical functions and whether they alter their activity coordinately and/or independently during different information processing tasks and behavioral states in unanesthetized animals 28, 39, 47 .
We propose that SBC→ and ENGC↔L2/3 interneuron→L5 pyramidal neuronal circuits control the filtering of information, which is supported by several lines of evidence. First, SBC→ and ENGC↔ L2/3 interneuron→L5 pyramidal neuronal circuits control the initiation of dendritic complex spikes, which can function as a coincidence detection mechanism to select salient inputs 22, 25 . Second, the primary L1 inputs come from feedforward connections from higher order thalamic relays and feedback connections from higher order cortical areas [10] [11] [12] [13] , and the neuronal activity in these thalamic relays and cortical areas initiates selection of salient information 14, 15, 17, 48 . Third, theoretical and experimental findings suggest that attentional 2 1 8 VOLUME 16 | NUMBER 2 | FEBRUARY 2013 nature neurOSCIenCe a r t I C l e S influence consists of both the signal augmenting and receptive field sharpening processes 15, 17 . Consistent with this concept, SBC→L2/3 interneuronal circuits enhanced dendritic complex spiking in a small spatially and temporally restricted population of L5 pyramidal neurons and ENGC↔L2/3 interneuronal circuits suppressed dendritic complex spiking in the majority of L5 pyramidal neurons over a large area, effectively augmenting the signal-to-noise ratio and sharpening the receptive field. Finally, salience selection is central to many attention-demanding high-level cognitive behaviors, and accumulating evidence indicates that a number of neurological, mental and/or psychiatric disorders associated with attention deficits exhibit impairments of interneuronal function (for example, see refs. 15,49).
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